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Given that human trust behavior is heritable and intranasal administration of oxytocin
enhances trust, the oxytocin receptor (OXTR) gene is an excellent candidate to investigate
genetic contributions to individual variations in trust behavior. Although a single-nucleotide
polymorphism involving an adenine (A)/guanine (G) transition (rs53576) has been associ-
ated with socio-emotional phenotypes, its link to trust behavior is unclear. We combined
genotyping of healthy male students (n=108) with the administration of a trust game
experiment. Our results show that a common occurring genetic variation (rs53576) in the
OXTR gene is reliably associated with trust behavior rather than a general increase in trust-
worthy or risk behaviors. Individuals homozygous for the G allele (GG) showed higher trust
behaviorthanindividualswithAallelecarriers(AA/AG).Althoughthemolecularfunctionality
of this polymorphism is still unknown, future research should clarify how the OXTR gene
interacts with other genes and the environment in promoting socio-emotional behaviors.
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INTRODUCTION
Human societies are probably unique in the extent to which trust
characterizes interpersonal interactions. Trust as a critical social
process is indispensable in friendship, love, families, and orga-
nizations, and it facilitates interpersonal relations and permits
reciprocal behaviors that lead to mutual advantages for cooper-
ators during social and economic exchange. In everyday parlance
variationsintrustareoftenattributedtoattitudesorpersonality–
for example, we may describe one person as “very trusting” and
another as “so mistrustful.” However, trust behavior – the will-
ingness to carry out an action beneﬁting another person that may
leave one vulnerable to some risk of loss – may not be entirely
predictable from dispositional factors. Consider a small business
owner with an excellent credit history in the current challenging
economic environment trying to make an application with a bank
for a loan from one of two loan ofﬁcers. Although the two bank
ofﬁcials may be equally empathetic or altruistic, only one offers
to extend a loan. What accounts for the difference in behavior: do
genetic factors have a role?
Twin studies have shown that trust behavior is heritable
(Cesarini et al., 2008), suggesting that speciﬁc genes may be
responsible for inter-individual variation. Overlaying the genetics
are studies that have sought to understand the role of neuropep-
tides in the brain such as oxytocin (OXT). Converging animal
and human evidence reveals that OXT, a peptide that is produced
in the hypothalamus and released in the brain and bloodstream
that functions both as a hormone and neurotransmitter, broadly
inﬂuencessocio-emotionalbehaviors(Leeetal.,2009).Giventhat
intranasal administration of OXT enhances human trust (e.g.,
Kosfeld et al., 2005; Mikolajczak et al., 2010a,b), there is a clear
link between OXT-mediated signaling at the molecular level and
this behavior. This biological effect of OXT operates through its
cognate receptor, the OXT receptor (OXTR). The OXTR is a 389-
amino acid polypeptide that modulates a number of behaviors,
including stress response, anxiety, social memory and recogni-
tion, sexual and aggressive behaviors, and maternal behavior (Lee
etal.,2009).Therefore,theOXTRgeneisanexcellentcandidateto
investigate genetic contributions to individual variations in trust
behavior during social exchange.
The human OXTR gene is located on chromosome 3p25.3
spanning approximately 19kbp,and is composed of three introns
and four exons (Inoue et al., 1994). A single-nucleotide polymor-
phism (SNP) within intron 3 involving an adenine (A)/guanine
(G) transition (rs53576) has recently been associated with dif-
ferent socio-emotional phenotypes (Bakermans-Kranenburg and
Van Ijzendoorn, 2008; Tost et al.,2010). For example,A allele car-
riers (AA and AG) show less dispositional empathy (Rodrigues
et al., 2009) compared to those homozygous for the G allele.
Despite this accumulating evidence in support of a relationship
between OXTR rs53576 and socio-emotional functions,its link to
humantrustbehaviorduringsocialinteractionremainsunknown.
To address this open question, we combined a candidate gene
approach genotyping for OXTR rs53576 with the administra-
tion of a laboratory-based trust game experiment (Berg et al.,
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1995).Sincethetrustgameprovidesthebeneﬁtsof quantiﬁability,
replicability, and comparability across individuals, it constitutes a
more reliable tool for measuring observer-dependent trust behav-
iorthanstandardself-reportquestionnaires.Wehypothesizedthat
OXTR rs53576 variation relates to individual differences in trust
behavior but not in trustworthiness or risk behaviors: Individu-
als homozygous for the G allele (GG) demonstrate higher levels
of trust than A allele carriers (AA/AG). Our hypothesis is based
upon the ﬁndings that (i) trust behavior is heritable (Cesarini
et al., 2008), suggesting that speciﬁc genes may be responsible for
inter-individual variation; (ii) OXTR rs53576A promotes deﬁcits
in socio-emotional phenotypes (Bakermans-Kranenburg andVan
Ijzendoorn, 2008; Costa et al., 2009; Lucht et al., 2009; Rodrigues
et al.,2009; Tost et al.,2010); and (ii) intranasal administration of
OXT enhances human trust behavior rather then trustworthiness
or risk behaviors (Kosfeld et al., 2005), for which the biological
effect of OXT operates through its OXTR.
MATERIALS AND METHODS
SUBJECTS
In this study, 108 healthy right-handed male students (European
ancestry,“EuropeanAmericans,”mean±SD,age:20.2±2.2years,
education: 14.8±1.9years) gave written consent before partici-
pating for ﬁnancial compensation in the neurobehavioral proto-
col approved by the George Mason University Human Subjects
Research Board.
PROCEDURE
The neurobehavioral protocol included a laboratory-based exper-
iment(Bergetal.,1995)measuringtrust,trustworthiness,andrisk
behavior as well as psychological control measures accounting for
a possible confound of the OXTR rs53576 gene polymorphism on
trust behavior.
The laboratory-based experiment included a two-person
investment game measuring trust and trustworthiness behavior
and a lottery game measuring risk behavior. In the investment
game, two interacting participants receive an initial endowment
of 10 monetary units (MU) and one participant (the investor)
decides how much money to send to another participant (the
trustee). The sent amount (a measure of trust: 0,1,2,...,10MU)
is then tripled, and the trustee decides how much of the money
received to send back to the investor. The investor’s ﬁnal payoff
equals the initial endowment minus the transfer to the trustee,
plus the back transfer from the trustee. The trustee’s ﬁnal pay-
off equals the initial endowment plus the tripled transfer of the
investor,minusthebacktransfertotheinvestor.Inagroupsession
of 12 subjects, participants made ﬁve decisions each in the roles
of investors and trustees while paired with different, randomly
selected interaction partners, and received feedback about their
partners’decisions.
In the lottery game, participants made decisions only as
investors who could transfer up to 10MU into a lottery rather
than to a trustee embedded in a social interaction. A computer
chose investment return equal to the payoff structure in the trust
game at any feasible back transfer level. Investors in the trust and
risk games faced the same objective risks, ensuring that trusting
behavior could be distinguished from risk behavior. The earned
MUs were exchanged into real money according to a publicly
announced exchange rate (40MUs=$1).
After the laboratory-based experiment,participants completed
psychological control measures to account for possible confounds
of theOXTRrs53576genepolymorphismontrustbehavior.Con-
trol measures included empathy (interpersonal reactivity index,
IRI,ﬁve-point Likert scale; Davis,1983),altruism (Rushton altru-
ismscale,RAS,ﬁve-pointLikertScale;Rushtonetal.,1981),theory
of mindability(readingthemindintheeyestest,RMET,multiple-
choice test;Baron-Cohen et al.,2001),attachment style (Relation-
ship Scale Questionnaire,RSQ,ﬁve-point Likert scale; Grifﬁn and
Bartholomew,1994),andpersonalitystyle(NEOﬁve-factorinven-
tory, NEO-FFI, ﬁve-point Likert scale; Costa and McCrae, 1992;
see Appendix).
GENOTYPING ANALYSIS
TheSNPthatwasthefocusofthisstudy(rs53576)islocatedwithin
a region of the OXTR gene having extensive linkage disequilib-
rium(LD;Figure1).Participantsprovidedsalivabuccalswabsfor
genotyping, which were collected in lysis buffer (100mM NaCl,
10mM EDTA, 10mM Tris pH 8, 0.1mg/ml proteinase K, and
0.5%w/vSDS)at−20˚CuntilfurtherprocessingusinganIsohelix
DNA isolation kit (Harrietsham, Kent, UK).Genotyping was per-
formed by a PCR-coupled DNA melting analysis method (Lipsky
et al., 2001) using SsoFast EvaGreen PCR mix (Bio-Rad Lab-
oratories, Hercules, CA, USA). Ampliﬁcation primer sequences
were: forward 5 -GAATAGGGACTTTCTAAGCA-3 ; reverse 5 -
GTCCATCTAATTGTGATTTGT-3 . Approximately 5ng DNA
fromeachsamplewereplatedin96-wellplatesforgenotypingwith
10%randomlyduplicatedsamplesfordetectinggenotypingerror.
Genotyping was performed using a Bio-Rad CFX96 Sequence
Detector with a 96-well plate format. The overall genotyping
accuracy was 100% with 100% completion. The genotype distri-
bution (GG=56, AG=43, AA=9) met Hardy-Weinberg Equi-
librium expectations [χ2(1)=0.03, P=0.854] and groups were
matched on age (GG: 20.3±2.5, AG: 19.9±1.8, AA: 20.4±1.1;
F(2,107)=0.63, P=0.533) and education [GG: 15.1±2.1, AG:
14.6±1.8, AA: 14.8±1.3; F(2,107)=0.81, P=0.446]. We used
a dominant model to increase the statistical power in our
study by collapsing the AA and AG groups, because prior
evidence suggests that rs53576A promotes deﬁcits in socio-
emotional behavior and AA homozygotes were rare in our
study as previously reported (Bakermans-Kranenburg and Van
Ijzendoorn, 2008; Costa et al., 2009; Rodrigues et al., 2009).
A prospective power calculation showed that with the cur-
rent sample size there was greater than 80% power to detect
an association with moderate to large effects sizes (Cohen’s
d >0.5).
DATA ANALYSIS
Data analysis was carried out using SPSS 14.0 (SPSS Inc.,Chicago,
USA) with alpha set to P<0.05 (two-tailed). First, the genotype
effects on relative frequency of investor’s transfers in the trust
experiment and risk experiments were determined using a mixed
11×2 analysis of variance (ANOVA) with transfer level (0, 1, 2,
...,10MU)asawithin-subjectsfactorandgroup(GG,AG/AA)as
a between-subjects factor. Second, the genotype effect on relative
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frequency of trustee’s back transfers in the trust experiment were
determined using a mixed 11×30×2ANOVA with transfer level
(0,1,2,...,10MU) and back transfer level (0,1,2,...,30MU) as
a within-subjects factors and group (GG, AG/AA) as a between-
subjectsfactor.Third,plannedfollow-upPearsonChi-squaretests
(applying Bonferroni correction) were performed to compare
relative frequencies of money transfer between groups for each
transferandbacktransferlevel.Inaddition,effectsizes(Cohen’sd)
were calculated representing the observed genotype group effects
(d =0.2 indicates a small effect size, d =0.5 a medium effect size,
andd =0.8largeeffectsize;Cohen,1988).Finally,genotypegroup
effects on psychological control measures were determined using
independent-samples t-tests to rule out alternative explanations
duetoempathy,altruism,theoryof mindability,attachmentstyle,
and personality style.
RESULTS
The rs53576 SNP of the OXTR gene was speciﬁcally asso-
ciated with trusting behavior rather than a general increase
in risk or trustworthy behaviors. For the investor’s transfers
in the trust experiment, the ANOVA revealed no signiﬁcant
main effect for group [F(1,8)=0.24, P=0.636], but a signiﬁ-
cant main effect for transfer level [F(10,80)=216.45, P<0001],
and a signiﬁcant interaction effect for transfer level×group
[F(10,80)=6.02, P<0.001]. The interaction effect was driven
by an only signiﬁcantly higher money transfer for the maximal
trust level: the GG group transferred 14% more money than
the AG/AA group [χ2 =11.9, P<0.0001, P corrected for mul-
tiple testing <0.001, Cohen’s d=0.7; Note that the AG and AA
groups did not differ in their money transfers at the maximal
trust level (AG: 0.41±0.04, AA: 0.44±0.05, χ2 =0.2, P=0.706;
Figure 2A)].
For the investor’s transfers in the risk experiment, the
ANOVA revealed only a signiﬁcant main effect for transfer level
[F(10,180)=333.24,P<0.001],butnosigniﬁcantmaineffectfor
group [F(1,18)=1.65, P=0.215], and no signiﬁcant interaction
effect for transfer level×group [F(10,180)=1.83, P=0.119;
Figure 2B].
FIGURE1|S c hematic of the human OXTR gene. Showing location of the four exons, the ﬁve SNP marker positions (including rs53576), and known LD block
(from HapMap data release February 27 , 2009, NCBI B36 assembly).
FIGURE 2 | Distribution of transfers in the trust and risk experiments. (A)
Relative frequency of investor’s transfers in GG (blue bars) and AG/AA (red
bars) groups level in the trust experiment. (B) Relative frequency of investor’s
transfers in GG and AG/AA groups in the risk experiment. MU, monetary unit.
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For the trustee’s back transfers in the trust experi-
ment, the ANOVA revealed only signiﬁcant main effects for
transfer level [F(10,180)=65.03, P<0.001] as well as back
transfer level [F(30,540)=20.04, P<0.001] and a signiﬁ-
cant interaction effect for transfer level×back transfer level
[F(300,5400)=20.84, P<0.001], but no signiﬁcant main effect
for group [F(1,18)=0.48, P=0.497], and no signiﬁcant inter-
action effects for transfer level×group [F(10,180)=1.30, P=
0.231], back transfer level×group [F(30,540)=1.28, P=0.217],
andtransferlevel×backtransferlevel×group[F(30,540)=1.24,
P=0.269; Figure 3;s e eTable A1 in Appendix for trustee’s back
transfer for each level; FigureA1 for distribution.].
Differences on psychological control measures (mean±SD)
were ruled out as alternative explanations, including altruism
(RAS: 55.8±1.4, 58.2±1.9; P=0.232), theory of mind ability
(RMET: 72.5±1.3, 72.8±1.5%, P=0.847), attachment styles
(RSQ, secure: 3.3±0.1, 3.2±0.1; fearful: 2.7±0.1, 2.9±0.1;
preoccupied: 2.9±0.1, 2.8±0.1; dismissing: 3.1±0.1, 3.1±0.1;
Ps>0.172), and personality styles (NEO-FFI, neuroticism:
53.3±0.8, 55.6±0.9; extraversion: 52.8±0.9, 53.2±1.0; open-
ness: 45.8±0.8, 46.0±0.8; agreeableness: 42.6±1.1, 45.5±1.4;
conscientiousness: 41.1±0.8, 40.9±0.9; Ps>0.120). Although
the GG group had higher dispositional empathy than the AG/AA
group[IRI:2.7±0.1,2.5±0.1;t(106)=1.8,P=0.039,one-sided,
Cohen’s d=2.0],empathy was not associated with trust,risk,and
trustworthy behaviors (rs<0.11,Ps>0.512).
DISCUSSION
The goal of the study was to investigate the relationship between
OXTR rs53576 and human trust by combining a candidate gene
approach genotyping for OXTR rs53576 and the administration
of a laboratory-based trust game experiment. We demonstrated
thatacommonoccurringgeneticvariation(rs53576)intheOXTR
geneisreliablyassociatedwithtrustbehaviorratherthanageneral
increase in trustworthy or risk behaviors.
Our results extends previous knowledge showing that OXTR
rs53576Apromotesdeﬁcitsinself-reportedsocio-emotionalmea-
sures such as empathy (Rodrigues et al.,2009),attachment (Costa
etal.,2009),positiveaffect(Luchtetal.,2009),maternalsensitivity
(Bakermans-Kranenburg and Van Ijzendoorn, 2008), and proso-
cialtemperament(Tostetal.,2010).Inourstudy,participantswith
A allele carriers (AA/AG) showed lower trust behavior than par-
ticipants homozygous for the G allele (GG). Notably, the AG/AA
group had lower dispositional empathy than the GG group,repli-
cating previous research: mothers with the AA or AG genotype of
rs53576 showed lower levels of sensitive responsiveness (presup-
posing awareness of and empathy with children’s needs) toward
theirtoddlers(Bakermans-KranenburgandVanIjzendoorn,2008)
and individuals with one or two copies of the A allele exhibited
bothlowerbehavioralanddispositionalempathy(Rodriguesetal.,
2009). Importantly, in our study dispositional empathy was not
associatedwithtrust,risk,andtrustworthybehaviors.Inaddition,
alternative explanations could be ruled out such as altruism, the-
oryofmindability,attachmentstyles(secure,fearful,preoccupied,
anddismissing),andpersonalitystyles(neuroticism,extraversion,
openness, and agreeableness).
Our results are further complemented by evidence that OXTR
rs53576 impacts both hypothalamic-limbic structure and func-
tion (Tost et al., 2010). A recent neuroimaging study has shown
a volume reduction in the hypothalamus in carriers of the OXTR
rs53576A (Tost et al.,2010),which is associated with an increased
risk for autistic spectrum disorders characterized by qualitative
abnormalitiesinreciprocalsocialinteractionandcommunication
(Wu et al., 2005; Liu et al., 2010; Wermter et al., 2010). The hypo-
thalamus is the primarily region for the synthesis of OXT which is
thenreleasedintothebrainandbloodstreamtofunctionbothasa
hormone and neurotransmitter (Lee et al.,2009). Converging evi-
dencefromanimalstudieshasshownthattheOXTsystembroadly
inﬂuences social behavior such as pair bonding/attachment, peer
recognition, and social memory (Lee et al., 2009; Ebstein et al.,
2010). For example, OXT receptor knockout mice demonstrate
several aberrations in social behavior, including aggression and
mother-offspring interaction (Nishimori et al., 2008) that can
be fully restored by injection of OXT (Ferguson et al., 2001).
Since neuropeptides cross the blood–brain barrier after intranasal
administration(Bornetal.,2002),OXTcanalsobeusedinhumans
to investigate its effects on the central nervous system (Heinrichs
andDomes,2008).RecentstudieshavedemonstratedthatOXTisa
FIGURE 3 | Distribution of back transfers in the trust experiment. (A) Relative frequency of trustees’ back transfers in the GG group. (B) Relative frequency
of trustee’s back transfers in the AG/AA group. MU, monetary unit.
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crucialmediatorintheregulationof complexsocialcognitionand
behavior (for reviews, see Bartz et al., 2011; Kemp and Guastella,
2011; Meyer-Lindenberg et al., 2011). In particular, administra-
tionofexogenousOXTincreasestrustbehavior(e.g.,Kosfeldetal.,
2005; Mikolajczak et al., 2010a,b) as well as shapes the neural cir-
cuitry of trust and trust adaptation (Baumgartner et al., 2008),
recently conﬁrmed by a meta-analysis on exogenous OXT trust
studies (Van Ijzendoorn and Bakermans-Kranenburg, 2011).
Our results contrast with the recent negative ﬁnding between
rs53576andhumantrust(Apicellaetal.,2010).Wearguethatthis
discrepancyinresultscanbeexplainedbydifferencesinimportant
methodological features between the two experiments. Apicella
et al. (2010) administered the standard trust game (Berg et al.,
1995), in which participants ﬁrst played the role of trustor and
then trustee albeit with a different anonymous partner. However,
to elicit the trustworthiness of the trustee, they used a strategy
method in which participants were asked to indicate how they
wouldreacttoanypossibleamountsentpriortoobservingtrustor
behavior(Camerer,2003).Previousresearchhasshownthatwhen
using this method participants play differently when making eco-
nomic decisions, i.e., they are playing the population but not the
person and this may have a profound effect on their prosocial
behavior (Rapoport, 1997; McCabe et al., 2000). Importantly, a
recent meta-analysis reviewing trust behavior (i.e.,84 replications
of thestandardtrustgameacross29countrieswithwidelyvarying
cultureswithanaverageof 140playersineachof thesereplications
foratotalof 11,913participants)revealedthatapproximately40%
of the variance in trust behavior is due to changes in the exper-
imental protocols by manipulating methodological key variables
inﬂuencing human trust (Johnson and Mislin, 2009).
Further,Apicella et al. (2010) tested both male and female par-
ticipants for which the vast majority of their participants were
females (approximately 80%,see for detailed description Cesarini
et al., 2009). We only investigated male-male pairs in our study
because of the evidence that female–female pairs exhibit lower
trust than male pairs (Croson and Buchan, 1999). Interestingly,
by breaking down their results into sex speciﬁc effects for OXT
rs53576, the authors demonstrated statistical signiﬁcance at the
10% level for the male but not for the female participants. More-
over, Apicella et al. (2010) only considered as their measure of
trustbehaviortheoverallamountofmoneytransferredbutnotthe
moneytransferredforeachtrustlevelseparately.However,arecent
exogenous OXT study by Kosfeld et al. (2005) demonstrated that
theenhancementof trustisdrivenbyahigherfrequencyof money
transfers for the maximal trust level. The same effect was revealed
in our study but was not considered as an outcome measure in
Apicella et al. (2010). Overall, these crucial factors might explain
why Apicella et al. (2010) failed to detect an association between
rs53576 and human trust. Because of discrepant ﬁndings and the
risk of our current ﬁndings being false positive, future studies
have to clarify the speciﬁc effects of those factors on the relation-
ship between OXTR rs53576 and human trust in the context of
the standard trust game.
There are limitations in our study that deserve discussion.
First, our sample size was modest so that our ﬁndings could be
due to the “winners curse” effect based on the fact that original
studies tend to overestimate effect sizes (Zöllner and Pritchard,
2007). However, our study was a theoretically driven, candidate
gene investigation with a reduction of population stratiﬁcation by
testing only a Caucasian sample. Instead of conducting a “ﬁsh-
ing expedition” in which a problem with spurious associations
could arise (as in multiple SNP or GWAS studies), we hypothe-
sized an association with one speciﬁc phenotype but not others
based on previous published association studies (e.g., Rodrigues
et al., 2009; Tost et al., 2010). Importantly, our results ﬁt with the
literature on the directionality of the association between OXTR
rs53576 and other socio-emotional behaviors providing evidence
thatOXTRrs53576Apromotesdeﬁcitsinsocio-emotionalpheno-
types (Bakermans-Kranenburg and Van Ijzendoorn, 2008; Costa
et al., 2009; Lucht et al., 2009; Rodrigues et al., 2009; Tost et al.,
2010). In only one association study, the AA genotype in children
with ADHD was associated with better social ability compared
to the AG genotype but not with the GG genotype (Park et al.,
2010).
Second,we collapsed in our study theAA andAG groups using
a dominant model to improve statistical power, since prior evi-
dencesuggeststhatrs53576Apromotesdeﬁcitsinsocio-emotional
behavior and AA homozygotes were rare in our population. The
same approach was done in previous studies demonstrating that
individuals with the GG genotype, relative to those with the
A allele, exhibit more sensitive parenting behavior (Bakermans-
KranenburgandVanIjzendoorn,2008),empathy(Rodriguesetal.,
2009), and attachment (Costa et al., 2009). In contrast, other
studiescombinedtheGG/AGgroupsanddemonstratedthatindi-
viduals with the GG/AG genotypes (compared with those with
the AA genotype) seek more emotional social support (Kim et al.,
2010) and show higher positive affect (Lucht et al., 2009). Finally,
another study revealed that allelic variation in OXTR rs53576
predicts differences in prosocial temperament by showing a dif-
ference only between the two homozygote genotype groups (G/G
vs. A/A): the GG group showed higher scores in prosocial tem-
perament compared to the AG group (Tost et al., 2010). Because
of differentgroupcombinations,futureassociationstudiesshould
attempt to replicate our ﬁndings across populations using larger
independent-samplessothatallthreegenotypes(AA/AG/GG)can
be compared directly.
In conclusion,the present study demonstrates that G>A SNP,
rs53576,in the OXTR gene is associated with observer-dependent
trust behavior during social interaction. Because the molecular
functionality of OXTR rs53576 is still unknown, our results can-
not exclude the possibility that the observed effect may reﬂect
the impact of OXTR variants in LD with rs53576. However, the
position of this polymorphism within intron 3 suggests involve-
ment in direct gene-gene communication (Mattick and Gagen,
2001), and presents an avenue for future research determining
how the OXTR gene interacts with other genes and the envi-
ronment in promoting socio-emotional behaviors in both non-
clinical and clinical populations. Although our study presents
the ﬁrst evidence indicating a role of OXTR rs53576 in human
trust behavior, however, cautious replication is needed given the
problem of replication validity and risk of false positive results
in genetic association studies (Ioannidis et al., 2001). Future
studies should replicate those ﬁnding in larger independent-
samples with similar experimental designs and apply quantitative
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approaches such as meta-analyses to combine the results of vari-
ous studies on the same phenotype to explain and estimate their
diversity.
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APPENDIX
DESCRIPTIONS OF PSYCHOLOGICAL CONTROL MEASURES
Empathy
The interpersonal reactivity index (IRI; Davis, 1983) contains
four sub-scales, each tapping into a separate facet of empathy:
the perspective taking scale assessing the reported tendency to
spontaneously adopt the psychological point of view of oth-
ers in everyday life (e.g., I sometimes try to understand my
friends better by imagining how things look from their per-
spective), the empathic concern scale assessing the tendency to
experience feelings of sympathy and compassion for unfortunate
others (e.g., I often have tender, concerned feelings for people
less fortunate than me), the personal distress scale assessing the
tendency to experience distress and discomfort in response to
extreme distress in others (e.g., Being in a tense emotional sit-
uation scares me), and the fantasy scale assessing the tendency
to imaginatively transpose oneself into ﬁctional situations (e.g.,
When I am reading an interesting story or novel, I imagine
how I would feel if the events in the story were happening to
me). Subjects were asked to read statements (n =28) about their
thoughts and feelings in a variety of situations and to decide
how well each statement describes them on a ﬁve-point Likert
scale (1=strongly disagree to 5=strongly agree). A total score
for empathy was derived by taking the mean across the four
sub-scales.
Theory of mind ability
The reading the mind in the eyes test (RMET; Baron-Cohen et al.,
2001) is a standardized multiple-choice test that assesses individ-
ual differences in the ability to infer the mental states of strangers.
The RMET contains black-and-white photos (n =36) of the eye
region of different individuals. Each photo displays a particular
cognitive or affective-state and is paired with four affective-state
adjectives as response options (e.g., terriﬁed, upset, arrogant, and
annoyed). Subjects were asked to select the adjective that in their
judgmentsbestdescribeswhattheindividualinthephotoisfeeling
orthinking.Atotalscorefortheoryof mindabilitywasderivedby
calculating the percentage of correct answers.
Altruism
The Rushton altruism scale (RAS; Rushton et al., 1981)i sas e l f -
report scale that assesses individual tendency to altruistic behav-
iors. Subjects were asked to read statements (n =20) describing
altruisticbehaviors(e.g.,Ihavedonatedgoodsorclothestoachar-
ity) and to indicate the frequency with which they carry out those
behaviorsonaﬁve-pointLikertscale(1=neverto5=veryoften).
Ascoreforaltruismwasderivedbytakingthesumof ratingsof all
statements.
Attachment style
The Relationship Scale Questionnaire (RSQ; Grifﬁn and
Bartholomew,1994) is a self-report scale that assesses four attach-
ment styles: secure, dismissive, preoccupied, and fearful. Subjects
were asked to read statements (n =30; e.g., I worry that I will be
hurt if I allow myself to become too close to others) and to rate
the extent to which they believe those statements best describes
their feelings about close relationships on a ﬁve-point Likert scale
(1=not at all like me to 5=very much like me). Scores for each
attachment style were derived by taking the mean of ratings for
each attachment prototype.
Personality style
The NEO ﬁve-factor inventory (NEO-FFI; Costa and McCrae,
1992) is a psychological personality inventory of the Five-Factor
Model: extraversion, agreeableness, conscientiousness, neuroti-
cism, and openness to experience. Subjects were asked to read
statements (e.g., I work hard to accomplish my goals) and to
rate the extent to which those statements (n =60) represents
their opinion on a ﬁve-point Likert scale (1=strongly disagree,
5=strongly agree). Scores for each personality style were derived
bycalculatingtheT-score(i.e.,lowaverage:43–47,average:48–52,
high average: 53–57) for each of the ﬁve-factors.
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TableA1 | Investor’s money transfers (mean±SD) and trustee’ money back transfers (monetary units, MU) for the GG andAG/AA groups at
each trust level.
Transfer Investment (MU) Return (MU)
GG AG/AA GG AG/AA
0 0 0 0.21+0.04 0.30+0.03
1 0.01±0.01 0.03±0.02 0.04±0.01 0.06±0.04
2 0.08±0.02 0.11±0.02 0.07±0.02 0.12±0.03
3 0.20±0.03 0.16±0.03 0.28±0.04 0.12±0.02
4 0.19±0.03 0.42±0.04 0.61±0.04 0.71±0.05
5 0.50±0.03 0.60±0.03 0.77±0.06 0.85±0.08
6 0.21±0.03 0.32±0.03 0.32±0.02 0.37±0.03
7 0.25±0.01 0.27±0.02 0.23±0.06 0.37±0.03
8 0.09±0.01 0.28±0.01 0.19±0.07 0.23±0.02
9 0.26±0.01 0.21±0.03 0.23±0.03 0.10±0.02
10 5.76±0.04 4.29±0.05 3.85±0.26 3.45±0.22
FIGUREA1 | Distribution of trustee’s money back transfers in the trust experiment. (A) Average back transfers in the GG group at each transfer and back
transfer level. (B) Average back transfers in the AG/AA group at each transfer and back transfer level. MU, monetary unit.
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